: Matching subset trees between different phylogenies. The branches highlighted in red correspond to subset trees with the same branching order. Note that these subset trees do not have to extend from the internal node to all descendant terminal branches (tips), nor are they required to relate the same taxa in order to be counted as a matching feature towards the kernel score. Moreover, the discordance in branch lengths between these subset trees is accommodated by the kernel function via a Gaussian radial basis function (see Equations 2 and 4). Figure S2 : Effect of a single model parameter on tree shapes. These trees generated by simulating a coalescent process under a differential risk model with contact rates c 2 = 1 and c 1 varying from 0.5 to 2.0. Each tree relates n = 100 infected individuals sampled from the population; for clarity, this n is smaller than the sample size in the simulations used for model validation and inference (n = 1000). The lengths of branches leading to tips tend to be longer than branches closer to the root because the infected population is undergoing exponential growth. Figure S3 : Response of other tree imbalance statistics to varying heterogeneity in contact rates. Results for Sackin's index (I S ) are presented as Figure 1A . Each set of box-and-whisker plots summarizes the distribution of the respective statistic (y-axis label) for 100 replicate trees simulated under different values of c 1 (c 1 = c 2 is shaded for reference). Results under proportional mixing (ρ = 0) are displayed on the left side, and preferential mixing (ρ = 0.9) on the right. 
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Transmission rate Figure S5 : Replicate analyses on trees reconstructed from alignments of n = 300 sequences generated from a tree simulated under the BDSIR model with total population size N = 3000 (left) and transmission rate β = 3 × 10 −4 (right), as indicated by solid horizontal lines. The median estimates are indicated with a bold line segment within a box representing the interquartile range. Whiskers extend from each box to indicate the empirical 95% credible intervals. Boxes are shaded to indicate alignments that were simulated under a two-fold lower rate of substitution. Dashed lines indicate the overall median parameter estimates. Table S1 : Performance of kernel-ABC and BEAST2 methods on simulated birth-death SIR (BD-SIR) trees. The median estimate for each parameter is reported alongside the empirical 95% confidence interval, or credible interval for BEAST2, in parentheses. Total population size N corresponded to the number of susceptible individuals at time 0 (S 0 ) plus one infected individual. Transmission rate was calculated from BEAST2 output as β = R 0 γ/S 0 . n = number of tips (sample size). T = time to the most recent common ancestor (origin of epidemic). Estimates of T for kernel-ABC inference were obtained from a maximum likelihood reconstruction of the phylogeny using a root-to-tip method. 
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